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Abstract-The accuracy of four traditional formulas (Smalian, Huber, Bruce and Newton) to calculate log volumes was compared and tested against volumes determined by the waterdisplacement technique (xylometer). 150 standing trees were measured in a Sami Abd-Alrahman Plantation Park in Erbil governorate on 1 May, 2012. The accuracy of these four procedures was analyzed considering merchantable outside bark volumes of logs of large, mid-and small diameter. The results showed that Newton's formula was superior for all volumes and log lengths considered. Thus, Newton's formula could be used in the majority of circumstances for log lengths of Melia azedarach trees. Applying the Newton formula to the tree volumes, DBH and height presented the best fit regression equation which for use in predicting the log volume of Melia azedarach trees in Erbil Governorate.
Index Terms-Erbil of Iraq, melia azedarach, volume table.
I. INTRODUCTION
Methods of deriving log volume are still important, although weight measurement is being used increasingly for sale of logs. Stem volume is a function of a tree's height, basal area, shape and bark thickness. It is therefore one of the most difficult parameters to measure, because an error in the measurement or assumptions for any one of the above factors will affect the volume estimate. There are different tree volumes: biological volume, which is the volume of stem with branches trimmed at the junction with the stem, but usually excluding irregularities not part of the natural growth; merchantable volume that excludes some volume within irregularities of the bole shape caused by normal growth in addition to those irregularities not part of natural growth; gross volume estimates, which include defective and decayed wood, and finally net volume estimates, which exclude defective and decayed wood (Cris, 2006 (Adhikari 2005) . In the destructive method, 40-50 individuals of a particular species, representing all diameter classes of interest are selected randomly and felled. While the second method, used here, called the Non-destructive method which is similar to the destructive method but the trees are not felled. Hakki (1999) used Centroid Sampling for testing 21 logs of Ash (Fraxinus angustifolia subsp. oxycarpa), 38 logs of Spruce (Picea orientalis (L.) Link.), and 33 logs of Beech (Fagus orientalis Lipsky.). The volume of each log was estimated using Huber's, Smalian's, Newton's, Riecke's and Hosfeld's formulas and Centroid Sampling. These estimates were compared with the "true" volume of each log which was determined by aggregating the volumes of measured short sections (1 m) using Smalian's formula. The mean error of the Centroid estimate of the log volumes was not significant for Fraxinus angustifolia subsp. oxycarpa, Picea orientalis (L.) Link. Or Fagus orientalis Lipsky. And was less than those derived from Huber's, Smalian's, Newton-Riecke's, and Hosfeld's formulas. When the three species were combined, the Centroid estimate was clearly more accurate, and its mean error was not significant at 0.05 probability. Filho, et al. (2000) prepared log volume tables by testing the accuracy of log volume calculation procedures against water displacement techniques (xylometer). Three traditional formulas to calculate log volumes (Smalian, Huber, and Newton) and three recent methods (cubic splines, centroid sampling, and overlapping bolts) were compared and tested against volumes determined by the water-displacement technique (xylometer). Fifty-two felled trees were measured in a Pinus elliottii Engelm. Plantation. The accuracy of these six procedures was analyzed considering total and merchantable College of Agriculture, Salahaddin University Zanko Street, Kirkuk Road, Erbil, Kurdistan Region -F.R. Iraq outside bark volumes with 1, 2, 4, and 6 m log lengths. The results showed that Huber's formula was superior for all volumes and log lengths considered. Centroid and Newton had a similar performance to Huber but with some higher errors. Ozcelik, et al. (2006) compared the Centroid, Center of Gravity, Newton, Bruce, Huber, and Smalian formulas for predicting log volumes of three species in Turkey showed the Newton, Center of Gravity, and Centroid methods were clearly superior to the other formulae. The accuracy of all the methods, as indicated by Chi-square accuracy tests, ranged from Newton, Center of Gravity, Centroid, Huber, Bruce to Smalian's formula which performed the poorest. Amin (2010) estimated merchantable volume and total tree volumes, used the centroid method and depended on it as a dependent variable with DBH and height (pole) as independent variables to make a regression equation connecting these variables for Quercus agilops L. trees in Erbil Governorate for total and merchantable volume tables.
The objective of this research is to prepare a Melia azedarach log volume table for the first time in Kurdistan region and Iraq, by comparison between more than one methods of estimating tree volumes in order to use it in forestry researches.
II. MATERIAL AND METHOD
Data were collected from Sami Abd-Alrahman Park in Erbil Governorate on 1 May, 2012 to supply the empirical side of this research. The data about the diameters and height of the trees are listed in appendix A.
When using the formulas which are less common, a midlength log diameter is required. Bruce (1982) derived a formula using only end diameters and length that was popular in some places in forested countries. These formulae are shown below:
= (( + 4 + )/6) Bruce:
= (0.25 + 0.75 )
Where: B = cross-sectional area at large end of log); M= cross-sectional area at mid-length of log; S = cross-sectional area at small end of log; L = log length (m).
From the application of the above formulas the volume of each tree in the sample was found, depending on the data collected. After calculating the cross-sectional areas of large, mid-and small ends of log length, the volumes of the trees were as follow in Table I . The field work also included felling two trees (there was no ability or permission to fall more trees) to find their volumes using water displacement by the xylometer method. The accuracy of four traditional formulas for calculating log volumes was compared and tested against the volumes determined by the water-displacement technique (xylometer). The results showed that the Newton formula was superior for all tree volumes and had the best results. We replied on the tree volumes estimated by this formula in preparing the volume Table for Melia azedarach trees. These results are compatible with the results of Filho, et al. (2000) and Ozcelik, et al. (2006) .
III. RESULTS AND DISCUSSION
Diameters were measured at different heights by climbing the trees. In the Equation Method, while the basic data essentially remain the same as in the graphical method, the relationships between volume as a dependent variable and DBH, hight and form, etc as independent variables are given mathematical expressions by a regression equation. Various workers have developed various equations or models, some of them are: Meyor modified, Austrian, Combined variable, Constant Form Factor, Logarithmic, and others (Chaturvedy and Khanna 2000) . The results from using three of these equations and testing them are presented in Table II . 
According to the value of the adjusted coefficient of determination in Table II 
